Like most organisms, Drosophila embryos develop in relation to two orthogonal axes, the anteroposterior and dorsoventral. These two axes are established by four independent systems of maternal information. Mutations in any system disrupt either the anteroposterior or the dorsoventral patterning of the embryo but never affect the orthogonal orientation of the axes relative to each other. Here we show by analyzing their embryonic fate map, that KlO embryos still possess a dorsoventral polarity. However, instead of forming a 90" angle, the dorsoventral and the anteroposterior axes lie parallel to each other. This axis misorientation was partially corrected by decreasing the wild-type grk gene copy number such that the embryos issued from KlOIKlO; grkl+ females showed a variability in their fate map which could be interpreted as a progressive rotation of dorsoventral axis relative to the unmodified anteroposterior axis. This rotation is maximal in the KIO embryos where it reaches 90" and results in the congruence of the two axes. The alteration of the embryonic fate map could be traced back to oogenesis where it was shown to correlate with the mislocalization of the grk transcripts.
Introduction
Pattern formation in Drosophila embryo originates from positional cues encoded by maternally expressed genes. These signals are deposited in the oocyte during oogenesis and their distribution defines the anteroposterior and the dorsoventral axes of the future embryo (for review, see St. Johnston and Niisslein-Volhard, 1992) . Anteroposterior polarity arises early in oogenesis with the differentiation of the oocyte and its positioning at the posterior end of the egg chamber. This preestablished morphological asymmetry facilitates the localization of the transcripts of bicoid (bed) at the anterior margin of the oocyte. After fertilization, bed transcripts are translated to produce an anterior-to- posterior concentration gradient of Bed protein (Berleth et al., 1986; Driever and Niisslein-Volhard, 1988; St. Johnston et al., 1989) . Dorsoventral asymmetry of the egg chamber occurs later with the positioning of the oocyte nucleus at the prospective anterodorsal side of the oocyte. A diffusing signal is postulated to emanate from the oocyte nucleus and to confer a dorsal fate to the neighbouring follicle cells thereby leading to the asymmetrical differentiation of the follicle cells surrounding the oocyte (Schiipbach, 1987; Prost et al., 1988; Manseau and Schiipbach, 1989) . This signal transduction requires the Drosophila EGF receptor encoded by fop or DER (Price et al., 1989; Schejter et al., 1989) .
Thus instructed, the follicle cells contribute to the production of a ventrally localized signal in the perivitelline space between the follicle cells and the oocyte (Stein et al., 1991; Stein and Niisslein-Volhard, 1992) . Finally, this signal is transduced to the ventral side of the embryo through the Toll receptor and leads 0925-4773/95/$09.50 0 1995 Elsevier Science Ireland Ltd. All rights reserved SSDI 0925-4773(94)00306-S to the selective nuclear uptake of the morphogen Dorsal in the ventral region of the embryo (Rushlow et al., 1989; Roth et al., 1989; Stewart, 1989; Roth, 1993) .
fs(l)K10 (KIO) (Wieschaus et al., 1978; Wieschaus, 1979) and gut&n, (grk) (Schiipbach, 1987) are female sterile mutations affecting early acting genes, which display an apparently dorsalized and a ventralized phenotype, respectively, of the eggshell, the embryo and the subsequent larva. We previously reported that grk behaves as a dominant partial suppressor of KIO in a dose-dependent manner (Forlani et al., 1993) . These observations led us to propose a model in which grk acts as the dorsalizing signal emanating from the oocyte nucleus and KlO acts to negatively regulate this signal. Recently, the grk gene has been cloned and shown to have homology to the TGF-CY family of protein, supporting the notion that grk is a ligand of the somatically expressed top-DER gene product. In addition, the transcripts of grk were shown to be closely associated to the oocyte nucleus at the prospective anterodorsal side of the oocyte, an asymmetrical localization which is lost in KIO and other dorsalizing mutant eggchambers (Neuman Silberberg and Schiipbach, 1993) Here, making use of zygotic markers of dorsoventral and anteroposterior identity at the cellular blastoderm, we show an alteration of the fate map of embryos produced by females mutant for KIO which can be interpreted by the anteroposterior and dorsoventral axes laying parallel to each other. This alteration is partially rescued by a reduction in grk gene dosage in KIO1KlO; grkl+ females. This defect could be traced back to oogenesis where it was reflected by the modified expression pattern of C48, an 'enhancer trap' line specific for the anterodorsal follicle cells, and was shown to correlate with the variation in the localization of the grk transcripts within the mutant oocyte.
Results
In a previous analysis of genetic interactions between KIO and early acting ventralizing mutations, we reported that grk behaves as a dominant partial suppressor of KlO such that the eggs produced by KIOIKlO; grki+ females give rise to larvae with partially (or totally, in 5% of cases) rescued cuticle pattern (See Fig. 1 and 2 in Forlani et al., 1993) . In addition, we observed that the rescuing effect proceeded from the posterior to the anterior end of the larvae. This was further corroborated by the observation that twist (twi) protein, used as a zygotic marker for mesodermal identity, was detected in a stripe extending ventrally to various degrees of egg length. Our results suggested that the rescuing process was characterized by a variation of dorsalization along the anteroposterior axis of the embryo and was therefore consistent with the observation that the dorsalizing effect of KlO mutation is stronger at the anterior end than at the posterior of the larval cuticle (Wieschaus, 1980) .
I. Anteroposterior polarity is not affected in KiO or in intermediate embryos
To check for a possible alteration of the anteroposterior patterning in partially rescued KIO eggs, we further analyzed the fate map of embryos produced by KlOIKIO; grkl+ females making use of a double staining with both ftz and twi antibodies as specific markers for anteroposterior patterning and ventral cellular identity, respectively. In wild-type embryos, the anteriormost band of ftz is reproducibly found at 65% egg length (Krause et al., 1988 and Fig. 1 a) . In rescued embryos (Fig. lb, c and d) , the firstftz band is found at 70-75% EL (0% EL being at the posterior pole of the embryo), a diminution in the anterior region comparable to that reported in embryos issued from bed-/+ females (Frohnhofer and Ntisslein-Volhard, 1987) . Moreover, the posteriormost band of& expression appeared as a cap at the posterior end of some embryos. The banding pattern offtz expression was not significantly altered in To facilitate image analysis, each stained area was represented by a vector parallel to the most relevant boundary, whose origin was defined as the barycenter of the stained area (cf. Material and methods). Vectors 1, 2, and 3 thus represent C48, u-sh and fwi territories of expression, respectively. Orientation is anterior, up, and dorsal, right. The position of each vector is defined relative to the major axis of the egg chamber and the embryo. This reference axis corresponds to the anteroposterior axis. (B) Variation of vectors 1, 2 and 3. In wild-type (WT)
vector, I defines a 45" angle relative to the major axis (dotted line). In the KIO egg chamber (a). this vector reproducibly defines an angle close to 90". In the KIOIKIO; grk/+ egg chambers (b), vector 1 defines intermediate angles that vary from 70 to 80". Also note that these angle modikations are accompanied by a progressive displacement of the barycenter toward the center of the egg chamber (position 0) which confirms the axial symmetry of KlO egg chambers. (c) Cumulative analysis of vectors 2 (upper part) and 3 (lower part) in embryos. In WT, both vectors lie parallel to each other. Their barycenters define a line which is found at about 90" relative to the major axis and which therefore may be considered a representation of the dorsoventral axis. In the KIO embryos, these two axes underwent a rotation of more than 85" and lie almost perpendicular to their original position. Four intermediate embryos issued from KIOIKIO; grkl+ females are also shown (i), the angle defined by vector 3 varies from 31" to 54". Although not visible on the graph, vectors 2 and 3 vary accordingly in a given embryo so that they always lie parallel to each other. As was observed in the egg chambers, the angle modifications are accompanied by a displacement of the barycenters toward the center of the embryo (close to 0), which also shows the axial symmetry of KIO embryos. Similar results were obtained with embryos stained with u-sh and SM antibodies (data not shown). Coordinates of the graphs are arbitrary. 0 refers to the barycenter of the mean embryo (or egg chamber)
other respects and is consistent with that previously reported for &like embryos (Carroll et al., 1987) . The comparison of the anterior-most position of the twi signal (expressed in EL) with the position of the anteriormost band of ftz showed no direct correlation between the two values, i.e. the embryos where the ftz band was the more anterior did not necessarily correspond to those embryos with the shorter twi band. These results suggest that the weak discrepancy between the frz pattern of expression in wild-type and KlO mutants is more likely to reflect a possible alteration in the formation of the embryonic poles rather than a global modification of anteroposterior patterning and that, consequently, the anteroposterior axis is not affected in KIO embryos.
KIO embryos still have a dorsoventral polarity
The observation that the anteroposterior axis was not significantly altered in KlOIKIO; grkl+ nor in KIO embryos prompted us to further analyze the fate map of KIO embryos making use of antibodies against twi and u-shaped (u-sh) as zygotic markers specific for ventral and dorsal territories, respectively. In wild-type embryos, twi is expressed in a regular band that comprises the ventral most 20% of the embryo and extends from the anterior to the posterior end of the embryo (Thisse et al., 1988; Leptin and Grunwald, 1990; Fig. 4d ). Ushaped protein expression was first detected in the dorsal most 20% of the late blastoderm as a single continuous stripe extending from about 17% to about 80% egg length and persisted until the end of embryogenesis (M.H., M. Bourrouis; P. Heitzler, P. Ramain, L. Seugnet, R. Ray and P. Simpson, manuscript in preparation). Eggs produced by KIOIKIO females are rarely fertilized and pattern formation is therefore difficult to analyze. However a few embryos were observed showing a large regular belt of u-shaped expressing cells at the anterior end and a cap of twi expressing cells at the posterior end (Fig. 2b) .
The KIO phenotype has been often described as a loss of dorsoventral polarity resulting in dorsalized eggs and embryos. However, the cap of twi expressing cells observed at the posterior end of KlO embryos at the blastoderm stage suggested that these cells might have taken on a ventral fate. Alternatively, the presence of twi at the posterior end may indicate that KlO embryos are 'lateralized', like embryos produced by some alleles of Toll and easter in which twi is expressed in a cap of cells both at the anterior and the posterior poles (Ray et al., 1991) . However, sna, which is not expressed in those lateralized embryos, was detected in KIO embryos in a ring of cells at the posterior pole (Fig. 2d) . Thus, the presence of both twi and sna at the posterior end of KlO embryos suggests that the corresponding cells may have adopted a ventral fate and, together with the pattern of expression of u-shaped supports the idea that KIO embryos still possess a dorsoventral polarity. However the re-orientation of these two territories relative to their initial position in wild-type suggests that in KIO embryos, the dorsoventral and the anteroposterior axes lie parallel to each other.
Occasionally, a few embryos were observed where sna was detected in the cap-forming cells at the posterior pole, in those cells that also express twi (Fig. 2~) . The fact that posterior cells co-express twi and sna may argue for their being completely ventralized and may account for the observation that a few embryos underwent at their posterior end an invagination process comparable to the formation of the ventral furrow in wild-type (data not shown). However, the variation in the sna pattern of expression, in either a cap or a ring, further corroborates a possible alteration of the ends in KIO embryos. It was recently shown that the huckebein (hkb) gene, which is specifically expressed in the posterior cap of the blastoderm as a response to torso (Briinner and Jackie, 1991) , may negatively repress the expression of sna in the corresponding region (Reuter and Leptin, 1994) . The presence of sna in the posterior cap might therefore be due to a mislocalization or a defect of hkb which might reflect a disruption in the terminal forming system.
In KIO embryos AP and DV axes are not at right angle to each other
Based on the previous observation that the KIOIKIO: grkl+ genetic combination resulted in partially rescued larvae, we examined the fate map of the corresponding embryos. The embryos produced by KlOIKlO; grki+ females were analysed with antibodies against sna and u-shaped (Fig. 2e-h) . The u-shaped expression pattern was notably enlarged ventrally and, except for the extremity, encircled the anterior end of the embryo, whereas it progressively disappeared posteriorly. In contrast, sna expression was restricted to the posterior end of the embryo where, in some cases, it was found to extend dorsally. Note that posteriorly, the sna expressing territory was never found to extend beyond a 'forbidden zone' which was also noticed in most of the KIO embryos. A similar pattern of expression was observed for twi antibodies except that there is no 'forbidden zone' at the posterior pole (Fig. 4e) .
A sample of embryos of each category was submitted to image analysis and the results reported in Fig. 3 . The territories of expression of u-sh and twi (or sna,) define an axis which is found at 90" of the major axis in the wild-type embryo and which can be therefore assimilated to the embryonic dorsoventral axis. In KlO embryos, u-sh and twi are still found to be parallel to each other, but the axis they define underwent a shift from 90" to 0". The image analysis of a sample of embryos derived from KIOIKIO; grkl+ females, showed that the u-sh and twi territories vary accordingly in a given embryo (vector 2 and 3, respectively, in Fig. 3) . In addition, it shows that vectors 2 and 3 rotate progressively from the wild-type to their maximal position in KlO embryos. These results suggest that there is no disruption in the dorsoventral axis of mutant embryos and that the alteration in their fate map reflects a continuous rotation of the dorsoventral axis relatively to the unmodified anteroposterior axis.
The alteration in embryonic axes can be traced back to oogenesis where it is reflected by the modification of the

C48 pattern of expression and by the distribution of the grk transcripts
At the beginning of vitellogenesis, (stage 8), the oocyte nucleus adopts an acentric position at the presumptive anterodorsal side of the mature oocyte, thus creating the first element of dorsoventral asymmetry in the egg chamber. The &gal pattern of expression of the C48 enhancer trap line delineates a 'crescent-like' image in the follicle cells centered on the oocyte nucleus, (and which resembles a triangle on lateral views) thus substantiating the proposal that this expression is a response of the follicle cells to a signal produced by the oocyte nucleus (Forlani et al., 1993) . In mutant KlO eggchamber, C48 pattern of expression is modified in a way that prefigures the morphological changes observed in the eggshell of the eggs and reflects the dorsalization of the follicle cells surrounding the anterior part of the oocyte. KlOIKlO; grkl+ egg chambers show a partial restoration of the asymmetric pattern of expression of C48, consistent with the rescued phenotype of the eggs (Fig. 4a-c) . It thus appears that the C48 pattern of expression and the modifications it undergoes in mutant backgrounds suggest that it directly reflects the initial dorsoventral asymmetry of the egg chamber in response to the inducing oocyte nucleus signal.
In wild-type egg chambers, the transcripts of grk were shown to be spatially restricted to the presumptive anterodorsal region of the oocyte, thereby providing an initial asymmetry for the localization of the putative dorsal signal. KIO, capu, spire, squid and orb functions are required to ensure the proper distribution of these transcripts (Neuman-Silberberg and Schiipbach, 1993; Christerson and McKearin, 1994) . In the absence of any of these genes, grk mRNA is found in a ring at the anterior boundary of the oocyte. To investigate the possibility that the partial phenotypic rescue observed in KIOIKlO;grkl+ egg chambers and embryos is associated with the partial localization of the grk transcripts, as might be anticipated from the C48 expression pattern, in situ RNA analysis on KIOIKlO; grkl+ ovaries using grk cDNA probes was performed. In agreement with what was shown previously, egg chambers from wild-type females revealed a strict localization of the grk transcripts to the presumptive anterodorsal side of the egg, close to the oocyte nucleus (Fig. 5a ). In contrast, KlO egg chambers displayed a regular distribution of the grk transcripts that spanned the circumference of the anterior margin of the oocyte (Fig. 5e) . Note that the grk staining in the KIO egg chambers appears to be stronger than in wild-type. This increase in grk mRNA levels in KZO mutants was reproducibly observed, particularly during early stages of oogenesis. In egg chambers from KlO/KIO; grk/+ females, variability in the localization of the grk was detected (Fig. 5b-d) . In all cases, the mRNA was more dispersed than in wild-type and was present at the anterior margin of the oocyte in a pattern which, in some cases, resembled that observed in KIO egg chambers (Fig. 5b) and, in other cases, resembled the asymmetric distribution observed in wild type (Fig.  5~) . We also detected intermediate distribution patterns where, in addition to being localized in the vicinity of the oocyte nucleus, transcripts were observed at the anteroventral side of the oocyte. These findings, which correlate with the altered P-gal expression pattern of C48 and with the subsequent modified axes of the embryo, indicate that the establishment of the dorsoventral axis relative to the anteroposterior axis is determined during oogenesis and requires the proper distribution of grk transcripts.
Discussion
The Cartesian nature of development appears as a general feature of biology in that most organisms develop in relation to orthogonal axes (for review, see Gurdon, 1992) . In most animals, the two axes are not established simultaneously. In Drosophila, the anteroposterior axis is established first. The dorsoventral axis is then established in relation to the first axis with which it accurately defines a 90" angle.
In this paper, we show that this angle can be genetically modified, for example, in the KIO embryos where the anteroposterior and the dorsoventral axes are found to lie parallel to each other. This defect can be compensated for by decreasing the wild-type copy number of the grk gene, as observed in embryos issued from KIOI KIO; grkl+ females, where the angle between the anteroposterior and the dorsoventral axes is found to display intermediate values between 0 and 90". Image analysis performed on a sample of these intermediate embryos confirmed the potentially continuous aspect of this variation which may be considered as a rotation of the dorsoventral axis relative to the unmodified anteroposterior axis.
The data we present here show that there is a correlation between the final orientation of dorsoventral axis in the embryo, the modifications of C48 pattern of expression and the localization of the grk mRNA. This correlation suggests that these phenomenon are likely to represent time and tissue-specific responses to the same inducing element, namely the asymmetric localization of grk transcripts.
It follows on this that grk not only plays a crucial role as the dorsalizing signal emitted from the oocyte nucleus, but also that the distribution of its transcripts is essential for establishing the orientation of the dorsoventral axis relative to the anteroposterior axis of the embryo. That this fundamental function of grk in defining the dorsoventral axis direction is also exerted via the follicle cells was attested by the corresponding variations of the pattern of expression of C48 and is, therefore, likely to require the toplDER gene product.
The subsequent correlation between C48 and the pattern of expression both of u-sh and twi (or sna) was shown by image analysis (Fig. 3) . However, whereas the apparent axis of symmetry of C48 image varies from about 45" in WT to 0" in KIO egg chambers, the dorsoventral axis in embryos varies from 90" in WT to about 0" in KZO embryos. There are at least two explanations that might account for this discrepancy. First, the pre-established dorsoventral asymmetry of the oocyte approximately defines a 45" angle relative to the anteroposterior axis, this angle will be reorganized during the oocyte maturation so that it ends up to the necessary perpendicularity observed at the blastoderm stage. This reorganization process might be partially contributed by the movements the follicle cells undergo during oogenesis (this hypothesis is supported by the finding that the follicle cells participate in the orientation of dorsoventral axis as evidenced by C48 behaviour). Second, the axial symmetry of C48 may not correspond to the pre-established dorsoventral axis of the oocyte, but may simply reflect the diffusion of the dorsal ligand from one corner of the oocyte. Based on what is known of the follicle cells fate map, indeed, it may be considered that C48 pattern of expression delineates in the follicle cells a 'morphogenetic field' (Davidson, 1993) progenitor of the operculum, the dorsal appendages and for those located on the ventral side, the collar, all structures that constitute the anterodorsal, rather than the dorsal, side of the egg. Instead, one would anticipate a true dorsal marker to extend posteriorly along the future dorsal mid-line, following the anteroposterior component vector of the C48 triangle. Due to the absence of markers of identity, particularly that of a ventral marker, or until more is known of the localization of the grk product, it is difficult to have a better understanding of the organization of dorsoventral polarity of the egg chamber.
What is the function of KlO?
It is clear that KlO function is required for the proper localization of the grk transcripts (Neuman-Siberberg and Schiipbach, 1993 ; this paper, Fig 5) . Based on the presence of a putative DNA-binding motif in the predicted sequence of the protein, as well as on its nuclear localization when detected by immunostaining, we proposed that KZO might be a negative regulator of grk expression (Prost et al, 1988; Forlani et al., 1993) . This hypothesis would implicitely suggest that grk is synthesized in the oocyte nucleus and that KIO, by down regulating its expression, would contribute to its restricted localization in the close vicinity of the oocyte nucleus. Although it seems difficult to rely on a quantitative estimation of in situ hybridisation, it was reported that grk mRNA was present in larger amount in KlO ovaries than in wild-type oocytes (Neuman-Silberberg and Schtipbach, 1993) . Our own observations indicate that this is particularly obvious during the first stages of oogenesis ( Fig. 5e ; data not shown). Moreover, the observation that a decrease in grk dosage may be sufficient to restore the asymmetric distribution of its transcripts in KIO egg chambers is difficult to explain if the KIO function would be strictly to localize the grk transcripts and, instead, may argue for KIO being involved in contributing to the quantitative regulation of grk. Indeed it is conceivable that an overproduction of grk transcript would result in an alteration of its localisation.
What is a dorsalized egg chamber?
The finding that embryos issued from KIO females still possess a dorsoventral polarity demonstrates that KlO is not a true dorsalizing mutation. So far, several female sterile mutations have been described which display a dorsalized phenotype of the egg shell and of the subsequent developing embryos. The squid phenotype closely resembles that of KIO (Kelley, 1993) , whereas the phenotypes for spire and cappuccino are more variable since, in addition to dorsalization, they display some ventralized eggs and embryos. Moreover, these mutants show a posterior defect affecting pole cell formation (Manseau and Schilpbach, 1987) . A loss of function of any of these genes has been shown to result in a mislocalization of grk transcripts at the anterior margin of the oocyte (Neuman-Silberberg aud Schupbath, 1993) . Recently, a fourth gene, orb, was also shown to be required for the proper distribution of grk transcripts although its phenotype is strictly ventralizing (Christerson and McKearin, 1994) . Immunostaining of capu and spire with both zen and ftz antibodies as specitic markers for dorsal and anteroposterior patterning, respectively, show a complete disruption of the anteroposterior axis. In addition, the dorsalizing effect appears to be limited to the anterior half of the embryo (Manseau and Schiipbach, 1987) . In the same manner, the development of orb-derived embryos is intriguing (Christerson and McKearin, 1994) . These authors report that although no dorsoventral defect was ever detected in the larval cuticle, the nuclear localization of Dorsal is abolished anteriorly but conserved posteriorly. This pattern of localization of Dorsal would result, presumably, in embryos dorsalized at the anterior end and therefore resembling the K10 phenotype but which, in contrast to KlO, would develop within ventralized egg shell. The results reported so far do not allow a complete understanding of the embryonic pattern of these mutants. However, they do not rule out the possibility that their fate map is altered in the same way as that of KIO embryos. This assertion would definitely establish the preeminent role of grk in the fundamental process of axes positioning.
Materials and methods
Drosophila strains
TWO EMS inducedfi(Z) KIO alleles were used in this study: KIO ' and KlO 13. The description of their phenotype can be found in Forlani et al., 1993. grkHK36 was a strong allele of grk used in the crosses (Schupbath, 1987) . The flies were reared under uncrowded conditions at 2S'C in bottles with standard Drosophila medium.
4.2. In situ hybridization on whole mount ovaries A 1.7-kb grk cDNA, inserted in the bluescript vector (a kind gift from S. Neuman-Silberberg, and T. Schupbath) was linearized and labeled with digoxigenin according to the manufacturer specifications (Boehringer Mannheim Kit) and hybridized to whole mount ovaries of 3-5 day-old females. Fixation and hybrydization were carried out according to the procedure described by Tautz and Pfeifle (1989) , with some modifications (Tirronen et al., 1992) .
Embryos immunostaining
Antobodies directed against twi and sna were kindly provided by S. Roth and A. Alberga, respectively. ftz and u-shaped antibodies were generous gifts from A.-Schier, in W. Gehring's laboratory, and Y. Lutz, respectively. twi or ftz staining was revealed by using the Avidin/ Biotin ABC kit elite system (Vector laboratories). u-sh and sna staining was revealed as described in Campos-Ortega and Haenlin, 1992, using an Antimouse secondary antibody coupled to alkalinephosphatase.
Image analysis
The image analysis was carried out on a sample of eggchambers (for C48 @-gal pattern of expression) and late blastoderm embryos (for twist and u-shaped immunostaining) issued from females of genotypes: Wild-type, KlOIKlO; grkl+, and KlOIKlO. An outline of the stained areas was manually delimited from photographs of laterally viewed egg chambers or embryos. The image analysis was performed on the boundaries of the binary masks of either the egg chamber or the embryo using a Silicon Graphic Work Station (Indigo 4000 entry) and the Visilog 4.1.1 software (Noesis, France). The convexities on the outline were defined as the maximum of the positive angles formed by three consecutive points of the outline, calculated by a program written under the Cinterpreter of Visilog. The vectors 1, 2 and 3 (Fig. 3) were defined as the parallel to the most relevant boundary of each area and their origin correspond to the barycenter of each stained area. To be able to compare the modules of the angles, we have corrected (i) the distances as a function of the ratio between the diameter of the equivalent circle of each egg chamber (or embryo) and (ii) expressed the angles as a function of the orientation of the major axis of the egg chamber (or the embryo). In both cases, this reference axis coincides with the anteroposterior axis of the egg chamber (or the embryo). The coordinates of the barycenter of each stained area were expressed as a function of the barycenter of the mean egg chamber (or the embryo). Any particular question concerning this analysis should be addressed to C. Cibert.
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